The total circulating blood volume (TCBV) and total body/venous haematocrit ratio (Htb/Hv) was determined by simultaneous measurement of the red cell volume (RCV) and the plasma volume (PV) in 10 subarachnoid haemorrhage (SAH) patients, 10 supine bedresting control patients and 20 ambulant out-patients. The mean Htb/Hv of the SAH patients, 0-866, was found to be significantly lower than that of the supine controls, 0-908, and the ambulant patients, 0 909, (p < 0 01). Using the ratio 0 866 the total circulating blood volume of the SAH patients was calculated from either their RCV or their PV and compared with their measured TCBV. Expressed as a percentage of measured TCBV the mean errors of these single volume determinations were 2-84% and 176% respectively. The significance of these changes in the Htb/Hv ratio of SAH patients is discussed in relation to the circulatory disturbances they suffer.
Patients with subarachnoid haemorrhage (SAH) are particularly vulnerable to the insidious development of hypovolaemia,1 -which may exacerbate the effects of cerebral vasospasm and cerebral ischaemia. Correction of hypovolaemia in these circumstances may help reverse ischaemic neurological deficits. 4 Thus the ability to measure total circulating blood volume (TCBV) is of importance to both the clinical management of these patients and to further research aimed at understanding the pathophysiology of hypovolaemia accompanying intracranial disease. The present study was planned to examine factors which might influence the accuracy and practicability of blood volume measurement in SAH patients with particular regard to changes in the total body/venous haematocrit ratio (Htb/Hv), and the validity of single volume measurements of TCBV. Physiological considerations Although there is no direct method of determining the TCBV of a patient it is generally accepted that the sum of the simultaneously measured red cell volume (RCV) and plasma volume (PV) accurately reflects TCBV."6 In practice simultaneous measurement of RCV and PV is both technically demanding and timeconsuming and may not be appropriate to the management of critically ill patients. For these reasons many workers choose to measure one or other of the two blood compartments, RCV or PV, and derive the TCBV using the haematocrit: Haematocrit = R CV+ where RCV + PV = TCBV RCV thus TCBV = Haematocrit or TCBV= PV l-Haematocrit The haematocrit shown above relates the total RCV to the total PV and is usually referred to as the total body haematocrit (Htb). It is in fact a theoretical value only obtained when both RCV and PV are measured. In reality the haematocrit of blood varies throughout the body and when the haematocrit of venous blood (Hv), which is usually sampled in clinical practice, is measured it is invariably found to be higher than the Htb. If TCBV is calculated using the uncorrected Hv significant errors occur.7 These changes in haematocrit are largely due to the rheological properties of whole blood. As 16 with the result that the uncorrected albumin space is greater than the true PV. This problem may be overcome by counting the activity of a number of dilutional samples at set intervals and extrapolating back to time-zero, giving a measure of perfect or instantaneous mixing of the labelled albumin within the plasma.
Materials and methods
Ten consecutive and unselected patients (ages 37-55 years, mean 47) in whom a diagnosis of SAH had been confirmed by lumbar puncture and or CT scanning were studied on the day following their admission to the Wessex Neurological Centre. The studies took place between the second and tenth day after SAH, reflecting the pattern of referral to the unit. The conscious level of the patients was recorded using the Glasgow Coma Score, GCS.17 Five patients with a GCS of 13 or more were receiving free diet and fluids before their admission, the remaining five, with scores of 12 or less had received supplementary intravenous fluids, 1500-2000 ml per day. Ten control subjects matched for age, sex, and weight were selected from amongst patients resting in bed whilst awaiting myelographic examination of non-malignant cervical and lumbar spine disease. The patients or their close relatives and the controls gave informed consent to the study and local ethical committee approval was received. During the course of the study data were collected from 20 unselected and unmatched ambulant out-patients referred to the Department of Nuclear Medicine for measurement of RCB and PV to confirm or refute the diagnosis of absolute polycythaemia in the presence of an elevated packed cell volume.
The RCV and PV were determined in each case at 9.00 am following the recommendations of the International Committee for Standardisation in Haematology.7 In brief, the spun red cells from 8 Hypovolaemia occurs commonly following a SAH.3 In this series there was an 8% reduction in mean TCBV of the patients compared with the controls. Although this reduction did not reach statistical significance it could, as argued above, easily account for the observed changes in Htb/Hv ratios. A reduction in plasma volume occurs in the supine position.2223 In choosing supine controls to examine changes in the Htb/Hv we accepted that their TCBV would be lower than predicted normal values which other workers have used to examine the incidence of hypovolaemia. The pre-existence of a degree of hypovolaemia in the controls could account for the failure to achieve statistical significance. However when the blood volume of the SAH patients was compared with their predicted values for age, sex and weight a 16 3% reduction in TCBV had occurred (p < 0-05 using a paired Student's t test for the measured and predicted TCBV).
The aetiology of hypovolaemia following SAH remains obscure. It may relate to dehydration, increased catabolism and decreased erythropoiesis. However it is tempting to speculate that the profound sympathetic disturbances which accompany a There is much evidence to suggest that the sympathetic system has an important role in regulating trans-capillary exchange of fluid and macromolecules.27 This control probably occurs at the level of the functional pre-capillary sphincter. By closing down the pre-capillary sphincters the high levels of circulating catecholamines accompanying a SAH might be expected to reduce the rate of albumin clearance. In this study there was no significant difference between the albumin clearances of the control and patient groups.
Estimating TCBV from either RCV or PV alone resulted in mean % errors of 2 84% and 1-76% respectively. Three basic sources of error exist when measuring blood volume in this way: firstly that the Htb/Hv of a group of patients departs significantly from the accepted norm and this is not taken into account; secondly, that the Htb/Hv of a patient differs significantly from the group; and, finally, that a technical error in measurement of either RCV or PV occurs. The first error may be dealt with by individual workers establishing a Htb/Hv for a population under study. The second cannot be resolved using RCV or PV alone. With regard to the last, because PV almost invariably exceeds RCV in SAH patients, similar errors in measurement will affect the value of the TCBV least when using PV. With these considerations in mind we feel the use of PV measurement to estimate TCBV in SAH patients to be justified.
In conclusion, (1) a significant reduction in the Htb/Hv ratio follows a SAH; (2) this may be explained in terms of the circulatory changes which accompany a SAH; (3) using a Htb/Hv (in this series 0 866) determined for a group of patients, TCBV may be determined from PV alone with a degree of accuracy acceptable for clinical management and investigation.
